Objectives: To examine within-state geographic heterogeneity in hypertension prevalence and evaluate associations between hypertension prevalence and smallarea contextual characteristics for Black and White South Carolina Medicaid enrollees in urban vs rural areas.
IntroductIon
Hypertension is a highly prevalent chronic condition that underlies leading causes of cardiovascular disease (CVD) morbidity and mortality in the United States. 1 Geographic heterogeneity in hypertension across US states has been documented. 2 In South Carolina and other Southeastern states, the prevalence of hypertension is higher than national averages. 3 However, there may be substantial within-state variability in hypertension prevalence, making state averages difficult to interpret 4 and necessitating further differentiation of highand low-risk areas for targeted health interventions. Hotspot mapping, a rigorous spatial analytic technique, can detect small-area clusters of high (hotspot) and low (cold-spot) disease prevalence. This method has been used to strengthen community-based disease prevention and management efforts by identifying areas of high need to guide resource allocation and inform health services policy, planning, and delivery. [5] [6] [7] [8] Although hotspot analysis has the potential to identify areas and subpopulations at greatest risk for hypertension and related adverse health outcomes, few studies have applied this technique to examine whether hypertension clustering varies by race among high-risk groups. Recent empirical evidence indicates that such community contextual characteristics as poverty, 9 racial/ ethnic residential segregation, 10 and health care accessibility 11 may contribute to small-area variation in hypertension. Further research is needed to achieve a clearer understanding To address these gaps in the literature, the objectives of our study are two-fold. First, we identify and map race-specific spatial clusters of low-and high-hypertension prevalence among Black and White adult Medicaid enrollees in South Carolina.
be partially explained by social, economic and health care characteristics of local community environments. Using South Carolina Medicaid data, linked with Census-based small-area contextual measures, our study adds to a growing body of literature on localized spatial variation in health to inform targeted prevention efforts aimed at reducing the burden of hypertension and lessening health disparities in vulnerable communities.
Methods
We used South Carolina Medicaid Management Information System administrative claims data from July 1, 2012 to June 30, 2013 ZCTA-level data on rurality, socioeconomic disadvantage (poverty, educational attainment, and employment), racial residential segregation, and primary care provider (PCP) adequacy were calculated and integrated into a spatially referenced database. The percentage of persons living below the federal poverty level, the percentage of persons aged >25 years without a high school diploma, and the civilian unemployment rate were calculated using data from the US Census Bureau, American Community Survey 2012 5-Year Estimates (US Census 2013). 17 Census 2010 data were used to classify each ZCTA as rural or urban based on the percentage of total residents living in rural areas (>50% rural residents = rural; <50% rural residents = urban; US Census Bureau 2010). Residential segregation was operationalized using the Black isolation index, which has been used in prior studies examining health. [18] [19] [20] [21] The Black isolation index is represented as:
where bP j is the Black isolation index value for ZCTA j, n is the number of Census blocks, and i is the ith Cen- By this method, a PCP adequacy score was calculated for each Census block in the study area. ZCTAlevel PCP adequacy, defined as the average census block PCP adequacy score in each ZCTA, can be interpreted as the number of primary care providers per 1,000 persons.
Data representing individual primary care providers in Georgia, North Carolina, and South Carolina were obtained from the National Plan & Provider Enumeration System, National Provider Identifier Registry, 2013. 22 Primary care provider data were captured for Georgia and North Carolina to account for the possibility of interstate travel to care. PCP adequacy was measured using an enhanced 2-step floating catchment area (E2SFCA) method. 23, 24 Briefly, this approach assesses spatial accessibility to PCPs relative to the distribution of the total population. The E2S-FCA method incorporates multiple distance decay weights to account for travel impedance within variably sized catchment areas reflecting different provider supply and population demand characteristics across rural/ urban settings. By this method, a PCP adequacy score was calculated for each Census block in the study area. ZCTA-level PCP adequacy, defined as the average Census block PCP adequacy score in each ZCTA, can be interpreted as the number of primary care providers per 1,000 persons. (E2SFCA formula and definitions are available from corresponding author.) E2SFCA spatial calculations were performed using ESRI ArcGIS Version 10.2; 25 other E2SFCA data processing was done with SAS Version 9.4.
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ZCTA-level age-standardized hypertension prevalence estimates (per 1,000) were calculated separately for Blacks and Whites. Optimized GetisOrd hotspot mapping was conducted to visualize geographic clustering of low-hypertension prevalence (cold spots) and high-hypertension prevalence (hotspots) among adult Medicaid recipients at the ZCTA level. The optimized Getis-Ord statistic generates a Gi Bin score identifying statistically significant hot and cold spots corrected for spatial dependence and multiple testing effects. A hotspot map was generated to show clustering of lowand high-hypertension prevalence areas for Blacks compared to Whites. Hotspot analyses and mapping were performed using ESRI ArcGIS 10.2.
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Statistical Analysis
We fit a series of regression models to examine ZCTA-level associations between hypertension prevalence and community contextual factors. To assess potential urban/rural differences in these small-area associations, we stratified data by ZCTA rural/urban status. Four separate regression analyses were conducted: 1) Black hypertension prevalence: urban ZCTAs; 2) Black hypertension prevalence: rural ZCTAs; 3) White hypertension prevalence: urban ZCTAs; and 4) White hypertension prevalence: rural ZCTAs. Predictor variables were included in these models only if they were statistically significant (alpha = <.05) in univariate regression models. OLS regression analysis with spatial diagnostics (Moran's I) was conducted to evaluate spatial dependence in the data. Significant (P<.01) spatial autocorrelation was detected in all OLS models evaluated. To account for spatial dependence in the data, spatial linear regression models were evaluated. Robust Lagrange Multiplier test statistic diagnostics, which provide information about the type of spatial dependence distinct in each model, informed the selection of spatial lag versus spatial error regression estimates. Results of the spatial regression models are reported. OLS and spatial regression modeling were performed using GeoDa.
results
Overall, hypertension prevalence per 1,000 was higher among Blacks than Whites (227.9 vs 151.8, respectively). Moreover, prevalence rates for Blacks were higher than Whites in both urban and rural areas and across all age groups (Table  1) . Compared with urban ZCTAs, rural ZCTAs were characterized by lower levels of PCP adequacy, higher levels of segregation, and greater socioeconomic disadvantage (Table 2) .
Optimized Getis-Ord analyses revealed similar geographic patterns of hypertension prevalence clustering for Black and White Medicaid recipients. For both groups, statistically significant (alpha=.05) clustering of low-hypertension prevalence ZCTAs (cold spots) occurred in the northwest region of the state and along the coast. Statistically significant cluster- (Figure 1) .
In race-specific multivariate spatial regression models, the Black isolation variable was positively associated with hypertension prevalence among urban Blacks (P<.01), urban Whites (P<.01), rural Blacks (P=.02), and rural Whites (P<.01). The greatest effect was among urban Blacks, for whom a one unit increase in Black isolation predicted a
The small-area measure of poverty was positively associated with hypertension rates among urban Blacks only (P=.03). For this group a one unit increase in % poverty predicted a 1.25 increase in hypertension prevalence per 1,000. The low educational attainment small-area indicator was positively associated with hypertension prevalence only among rural Whites (P=.01), for whom a one unit increase in percent with no high school diploma predicted a 1.87 increase in hypertension prevalence. In urban areas, PCP 
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adequacy was negatively related to hypertension prevalence among both Blacks (P<.01) and Whites (P<.01). The greatest effect was among urban Blacks, for whom a hypertension prevalence decrease of 2.14 per 1,000 was expected for every additional primary care provider per 1,000. The effect among urban Whites was smaller, with a hypertension prevalence decrease of 1.74 per 1,000 expected for every additional PCP (Table 3) .
dIscussIon
Among adult South Carolina Medicaid enrollees, hypertension rates were higher for Blacks than Whites in every age category and in both rural and urban settings. These results are consistent with numerous other studies demonstrating profound and persistent health disparities in the US. 18, 19, 21, 28, 29 The identification of spatial autocorrelation in regression models is in itself informative and supports our primary hypothesis that hypertension prevalence rates among Black and White Medicaid participants are not uniform across geographic space. Moreover, hotspot mapping indicated significant spatial heterogeneity in hypertension prevalence across the state. The greatest spatial clustering of high-hypertension prevalence among Black and White Medicaid enrollees occurred along the South Carolina Interstate-95 (I-95) corridor. This 
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geographic corridor, which includes portions of 17 counties, is home to approximately 1 million people living primarily in small towns and rural communities. 30 Our findings are consistent with observations of poor sexual health and high preventable hypertension hospitalization rates along the I-95 corridor. 31, 32 The substantial overlap of hypertension hotspots for Blacks and Whites suggests there may be similarities in the socioeconomic and built environment of Black and White Medicaid enrollees. LaVeist and colleagues demonstrated that racial disparities in hypertension persist, albeit attenuated, when low-income Blacks and Whites share the same neighborhoods. 33 Identifying common geographic patterns of high-hypertension prevalence among Blacks and Whites underscores the need for policies to address the underlying living conditions that contribute to poor health.
Relatively few studies have examined associations between residential segregation and health outcomes in urban vs rural settings. Notably, we found higher hypertension prevalence among Blacks and Whites in both urban and rural communities characterized by high levels of Black segregation. In both settings, the magnitude of this association was greater for Blacks. Although recent estimates demonstrate declines in Black/White residential segregation, particularly in metropolitan areas, increasing population shifts to US southern states, including migration to nonmetropolitan areas, warrant closer attention to the health consequences of segregation in the rural South.
Low PCP adequacy was significantly associated with higher hypertension prevalence for urban Blacks and Whites. This finding may reflect reduced opportunities to prevent hypertension and manage pre-hypertensive conditions among both Black and White Medicaid beneficiaries in urban communities lacking sufficient numbers of primary care providers. In rural areas, however, low PCP adequacy was not a significant predictor for either race category. This result might be attributed partly to the lesser geographic resolution of PCP adequacy measurement in relatively large rural ZCTAs and to the exclusion of predominantly rural, very small population ZCTAs from analysis. Alternatively, this finding might indicate that other accessto-care factors, including personal vehicle availability, public transportation, and hours of clinic operation, play a more salient role in health care accessibility for rural residents.
Small-area associations between hypertension prevalence and measures of socioeconomic disadvantage were inconsistent across rural/urban and race categories. Poverty was asso- 
ciated with higher hypertension rates among urban Blacks, while low educational attainment was associated with greater levels of hypertension among rural Whites. The unemployment variable was not a significant predictor of hypertension prevalence in any of the models tested. Further research is needed to clarify associations between small-area deprivation and hypertension prevalence among Blacks and Whites in urban and rural areas. This study has several limitations. Because it is an ecological, cross-sectional investigation, we are not able to demonstrate causality. Although there is the potential for ecological fallacy, this study primarily is focused on the association between small-area-level hypertension prevalence and community contextual measures. Hypertension prevalence rates were derived from Medicaid administrative claims data. More accurate prevalence estimates might be achieved using patient medical records. Medicaid recipient address limitations precluded analysis of hypertension prevalence at finer geographic resolutions (eg, Census tract or Census block group). Segregation was measured at the ZCTA level, where ZCTAs were the macro-units and Census blocks were the microunits used in the calculation of Black isolation index scores. Although a metropolitan statistical area (MSA)/ Census tract macro-unit/micro-unit operationalization of segregation is more common, other combinations of macro-/micro-units have been employed previously. 21 Our ZCTA-level results are not generalizable to very small population ZCTAs, because we excluded these areas from analyses. As noted, the exclusion of these predominantly rural ZCTAs may have lessened the observed association between PCP adequacy and hypertension prevalence in rural areas. For both rural Black and White Medicaid enrollees, the observed associations, although not statistically significant, were in the same direction noted in urban areas (ie, lower levels of PCP adequacy were associated with higher hypertension prevalence rates). These findings underscore the importance of ACA provisions establishing of hotspot mapping to identify highhypertension prevalence area clusters can inform state-level policy formation and decision making to improve population health. 6, 32 Moreover, small-area analyses of hypertension prevalence can guide local place-based planning, health programming, and community resource development efforts. 35, 36 The observed geographic overlap of hypertension prevalence hotspots for Black and White Medicaid enrollees in South Carolina provides an opportunity to target interventions to improve health outcomes in low-income populations. Our findings highlight the need to better understand and address racial residential segregation and its health consequences, and indicate the value of ACA provisions establishing provider network adequacy standards for Medicaid managed care plans in ensuring health care accessibility for urban and rural residents with hypertension and related chronic conditions. 
Among adult
